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Since the electromotive force of the concentration cell with ternary 
electrolyte had been studied by H. M. Goodwin™ in 1894, it was studied 
by many investigators.” But there is no information on the theoretical 
determination of the electromotive force of the cell except the work by 
J. E. Geissler. 

He assumed the following two reversible reactions in the next cell. 


Hg | HgeCk, MgCh (c:) | MgCh (c:), HgeCh | Hg (A) 
AB = AB* + B- 
d,o egy 6,8 
AB‘ 2 A** + B- 
Cy aa 6,8 
where a, b, c,d are the ionic concentrations and a, 8,y are the transport 
number of each ions and also he showed that when the mentioned two 


reversible reactions take place in the cell A, the electromotive force of 
the cell is 


e= — At (m + Se) int + (m a as by 


+(— B-y ‘ ey «ef ln =] 
B+y 2a—y 2a+B8 2 


where 21, 22 are the specific conductance of c; and cz ard the value of 
m is 
_ (2a + 8)(—8a—B + 3y) 


m 
(2a+y)(8B+y) 


(1) Z. physik. Chem., 13 (1894), 577. 

(2) W. Consad, Dissert. V. Gottingen 1903; E. Biron, J. Russ. physik. Chem., 39 (1908), 
1506; 40 (1908), 79; E. Biron and Afranasjer, J. Russ. physik. Chem., 41 (1909), 
1175; J. N. Pearce and R. W. Gelbach, J. physik. Chem., 29 (1925), 1023. 

(3) Z. Elektrochem., 18 (1912), 135. 
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Measurements of the electromotive force had been studied to confirm 
of the existence of AB* ion in the mentioned electrolyte, and also he 
calculated the electromotive force of the cell A by assuming the value 
of y, for example, y = 20 or y= 10. 

In this investigation the electromotive force of the following cells 
were studied in the very dilute solution and also the theoretical value of 
the electromotive force was calculated. 


Hg | Hg-Cl. ’ MeCl., (ec); | MeCl, (ce), Hg-Cle | Hg (B) 
Ag | AgCl, MeCl: (c) | MeClh (2), AgCl | Ag (C) 
Me-Amalgam | MeCl: (c:) | MeCle (cz) | Amalgam-Me (D) 


where Me are magnesium, calcium, strontium, barium and zinc. 


Experimental. 


Chlorides of magnesium, calcium, strontium, barium and zine used 
were of Kahlbaum and purified by recrystallization, and also calomel were 
of Kahlbaum and purified by washing with conductivity water. 

Silver chloride was prepared from the dilute solution of correspond- 
ing potassium chloride (Kahlbaum) by precipitating with purified silver 
nitrate at the dark room. Silver electrode was prepared by electrolysing 
a one percent solution of pure potassium silver cyanide with pure silver 
wire as a cathode. Mercury used was of purified by vacuum distillation 
from the commercial mercury. The amalgams were made by electrolys- 
ing a 10% solution of pure chlorides of zinc, barium, strontium and 
calcium with mercury as a cathode in the hydrogen atmosphere. 

The cells were of ordinary form. All the electromotive force measure- 
ments were carried out after the cells was kept for about one hour in a 
thermostat at a constant temperature, the variation of which was regulated 
within 0.05°C. For the measurements a potentiometer and a D.L. type 
mirror galvanometer were used. Constants necessary for the calculation 
are given in the following tables. 

The values of mobility at 18°C. were taken from the results of Noyes 
and Falk™ and also were calculated from the values of 4.. for the salts. 
The values at 30°C. were calculated from the following equations. 


a (7t,—lt,) 
C= nie ~ CI aah (5) 


(1) J. Am. Chem. Soc., 34*(1912), 454. 
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eR iss inciiice eds (6) 


where /t., lt;, are mobilities at te, t. 


Table 1. 


Mobilities of the Various Ions. 


Mobility Temperature 
Ion - coefficient 
18°C 30°C Cx104 
iZn 47.0 63.9 254 
iSr 51.9 70.2 247 
1Cat+ 51.9 70.2 247 
tBa+ 55.4 80.2 239 
iMg 45.9 55.6 256 
Ci- 65.5 85.0 216 
Table 2. 


Activity Coefficients of Chlorine Ion at Various Concentrations. 


Molarity 0.1 0.05 0.02 0.01 0.005 0.004 0.003 0.0025 0.002 0.00125 0.001 0.0005 0.00025 


Activity 
coefficient 0.79 0.84 0.89 0.92 0.95 0.955 0.965 0.967 0.97 0.975 0.98 0.985 0.99 


Table 3. 


Activity Coefficients of Ions of Zinc, Strontium, Calcium and 
Barium at Various Concentrations. 


Molarity 0.05 0.025 0.02 0.01 0.005 0.0025 0.00125 0.000625 
Activity coefficient 0.34 0.43 0.46 0.53 0.60 0.66 0.73 0.775 


These values in Tables 2 and 3 were calculated from the Table 8 of 
““Thermodynamics’’ by Lewis and Randall, and the values of ion con- 
centration were calculated from the general formula: 


Z2(a)+ Zi (b)+Z2 (0) (7) 
EE teceeaees oeninnn 


where Z,, Z, Z., are the valencies of ions and a, b, ¢ are the ion con- 
centrations. 
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Calculation of the Electromotive Force. At the mentioned concen- 
tration cell with ternary electrolyte, in the very dilute solution, if the 
concentration c = 0, from the equation (4) we will obtain as follows. 


um and “in 22 
2 2a+ 8 
Therefore, 
d2 _ bh _ %® 
ay 7 b; som x1 


So, the next equation derived from the equation (3) 


‘= In - 


m4 2~-§ be _ RT a-—p In” , .. (8) 
F 2a+ 8 b, F 2a+B a ; - 


If it is the concentration cell with regard to anion reversible, we have 


_ RT 8a be (9) 


e= a. Grstprn cdo salen tceonbe atau 


F 2a+8 b, 


and also, if it is the concentration cell with regard to cation reversible, 
we have 
oy es A (10) 


Fo 2(2a+8) MH 


If l,, 1, are the mobilities of the two ions, the next equation may be 
obtained from the Kohlraush’s theory. 


li. ~~ B or li. = la errr TT eT eT ee eee (11) 


la a B a 


Hence, if we put the equation (11) equal to “ (K: constant) 


la_ 1 
B a K 
so, a= Kl, or Gt. ssecssdnvectannen (12) 


by substituting these values to the equation (9), we get 


__RT  38Kh_ 1, & 
F 2Ku+Ki. bi 
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by simplification, 
e=— RT TN at ov) (13) 
F 21a tl by 


Therefore, we obtained the following formula from the equation (13) 


— a Se eee (14) 
F ath fib 


where fi, f2 are activity coefficients of chlorine ion at the various con- 
centrations, and also we obtained the next equation by substituting the 
values of (12) to the equation (10) 


eeeereeeeeeeeeeeeee 


F 2(2la+k.) fsa 


where fz, f; are activity coefficients of Me** ion at the various concentra- 
tions. 


Electromotive Force of Anion Reversible cell with Mercury Electrode. 
The combination of the cell was as follows. 


Hg | Hg2Ch, MeCh (¢:) | MeCh: (c2), Hg2Ch | Hg 


A series of measurements were carried out on the cells of the solu- 
tions of the different concentrations. Each experiment was done after 
keeping the cell at 30°C. for about an hour. All equations in the follow- 
ing tables obtained from the equation (14). 

Table 4. 
E. M. F. of Cell: Hg|Hg2Cle, ZnCle (e:) | ZnCle (ez), HgeCle| He 


e = —0.065524 log 122 


fibr ~ 
E. M. F. i It 
Concentration of Concentration of pear ees - wl pati ; 
ZnCl; (¢2) ZnCl, (¢,) Measured Calculated 
0.01 0.005 —0.01790 —0.01873 
0.005 0.0025 — 0.01835 -0.01879 
0.0025 0.00125 —0.01882 —0.01919 


0.00125 0.001 — 0.00579 — 0.00625 
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Table 5. 
Hg | Hg2Cle, SrCle (ex) | SrCle (ez), HgeCle | Hg 
e = —0.063769 log J2% 


E. M. F. of Cell: 


Fibs ° 
Concentration of Concentration of ¥. in volt 
SrCl; (¢2) SrCl; (¢;) Measured Calculated 
0.01 0.005 0.01821 
0.005 0.0025 0.01828 
0.0025 0.00125 0.01850 0.01863 
* 0.0025 0.002 -0.00589 0.00601 
0.002 0.001 —0,01853 0.01861 
Table 6. 


E. M. F. of Cell : 


Hg | HgeCle, BaCle (ce) | BaCle (cz), HgeCle| Hg 
e = —0.061244 log S22 


fib; 
Concentration of Concentration of =: M. F. in volt 

Rall; (¢2) BaCl; (¢;) Measured Calculated 
0.01 0.005 0.01619 0.01751 
0.005 0.0025 -0,01723 0.01757 
0.0025 0.00125 0.01753 0.01794 
0.0025 0.001 -0.02380 0.02382 
0.002 0.001 —0.01785 -0.01788 

Table 7. 


E. M. F. of Cell: 


Hg | Hg2Cle, CaCle (ex) | CaCle (cz), Hg2Cle | Hg 


e = —0.063769 log F25 . 
Si by 


E. M. F. in volt 


Concentration of Concentration of 





CaCl, (¢2) CaCl; (¢,) Measured Calculated 
0.01 0.005 - -0.01821 
0.005 0.002 -0-01799 —0.01828 
0.0025 0.002 0.00593 -0.00601 
0.0025 0.00125 -0.01875 —0.01863 
0.002 0.001 -0.01853 —0.01861 


PREPS APS 
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From the data given in Tables 4, 5, 6 and 7, it will be found that the 
differences between the measured electromotive forces and calculated 
ones are 0.00043, 0.00011, 0.00017 and 0.00014 volt on 0.005 molal or 
more dilute solutions. 


Blestsoanetive Force of Anion Reversible cell with Silver Electrode. 
The combination of the cell was as follows. 


Ag | AgCl, MeCh (e;) | MeCle(e@), AgCl | Ag 


Silver chloride used was purified by washing several times with the 
electrolyte at a dark room to avoid the disturbing effect by sun beams. 
The measurements of the electromotive force of the cell were carried 
out at 30°C. and also in the dark. The results are summarized in the 
following tables. 


Table 8. 
E. M. F. of Cell: Ag|AgCl, ZnCle(e;) | ZnCle(e2), AgCl| Ag 
e = —0.065524 log Sabe 





fibs © 

| . . c. . . i 1 
Concentration of Concentration of E. M. F. in volt 

ZnCl; (¢2) ZnCl: (¢1) Measured Calculated 
| 0.005 0.0025 0.01866 —0.01879 
0.0025 0.00125 — 0.01895 —0.01919 
0.01 0.005 —0.01877 —0,01883 

Table 9. 


E. M. F. of Cell: Ag] AgCl, CaCle(e;) | CaCle(e.), AgCl| Ag 
ao fabs 
e 0.063769 log Fibs” 


141 


E. M. F. in volt 


Concentration of Concentration of 
CaCl; (¢2) CaCl; (1) Measured | Calculated 
0.01 0.005 —0.01834 | —0.01821 
0.005 0.0025 —0,01812 | ~ —0,01828 
0.0025 0.00125 0.01855 0.01863 
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Table 10. 


E. M. F. of Cell: Ag|AgCl, SrClo(¢,) | SrCle(c), AgCl| Ag 
e = —0.063769 log S22 


Fibs 
Concentration of Concentration of =. M. . i volt a 
SrCl; (¢2) SrCl; (¢1) Measured Calculated 
0.01 0.005 —0,01811 -0.01821 
0.005 0.0025 — 0.01825 -0.01828 
0.0025 0.00125 —0.01857 -0.01863 
Table 11. 


E. M. F. of Cell: Ag|AgCl, MgCle(e:) | MgCle(ce), AgCl| Ag 
e = —0.06791 log 42% 


Sib; 
: , E. M. F. i It 
Concentration of Concentration of “ wth 
‘ . A H . | 
MgCl: (¢2) MgCls (cs) Measured Calculated 
0.005 0.0025 — 0.01899 0.01948 
0.0025 0.00125 -0.01983 0.01989 
0.00125 0.0006 - —0.02016 


From Tables 8, 9,10 and 11, the differences between the measured 
E. M. F. and calculated ones are found 0.00018, 0.00012, 0.00004 and 0.00027 
volt at lower molal solutions than 0.005 respectively. A larger value of 
difference than above will be found by using the more concentrated solu- 
tion. In this investigation, it is very important to contact silver chloride 
with silver electrode. 


E. M. F. t Cation Reversible cell with Amalgam Electrode. The cell 
used were of following type. 


Me-Hg | MeCh (c;) | MeCh (ec) | Hg-Me 


TEE 
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Preparation of amalgam was already mentioned. Prepared amalgam 
was carried into the acetone solution and shakened, then the amalgam 
was introduced into the cell which contained the electrolyte. Every 
measurement of the electromotive force of the cell was carried out after 
keeping it at 30°C. for about one hour. All equations in the following 
tables were obtained from the equation (15). The results are as follows. 


Table 12. 


. E. M. F. of Cell: Zn-Hg | ZnCle (e;) | ZnCle (e2) | Hg-Zn 
— 5 Os 
e = 0.02458 log 14% , 
S3a 
, ; ; : E. M. F. in v 
Concentration of Concentration of ¥. in volt 

ZnC leo (Co ZnCl. (e . 

ZnCl; (¢2) ZnCl, (cy) Measured Calculated 
0.01 0.005 0.00600 0.00588 
0.005 0.0025 0.00615 0.00607 
0.0025 0.00125 0.00655 | 0.00638 
0.00125 0.000625 0.00635 0.00632 


Table 13. 


E. M. F. of Cell: Ba-Hg | BaCle(e:) | BaCle (ce) | Hg-Ba 


a fia 
e = 0.028897 log ~*~? . 
JQ 
/ : E. M. F. in volt 
Concentration of Concentration of 
aC" 2a("! . 

BaCl; (c2) BaC!s (¢;) Measured Caleulated 
0.01 0.005 0.00700 0.00691 
0.005 0.0025 0.00725 0.00713 
0.0025 0.00125 0.00731 0.00750 


0.00125 0.000625 0.00728 0.00743 
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Table 14. 
E. M. F. of Cell: Ca-Hg | CaCle (ex) | CaCle(e2) | Hg-Ca 


e = 0.026343 log 4% | 
faa 


E. M. F. in volt 


Concentration of Concentration of 
CaCl; (cz) CaCls (cs) Measured Calculated 
0.01 0.005 0.00615 0.00630 
0.005 0.0025 0.00639 0.00651 
0.0025 0.00125 0.00675 0.00683 
0.00125 0.000625 0.00664 0.00677 


In these experiments, from Tables 12, 13 and 14, the differences be- 
tween measured electromotive forces and calculated ones are found 0.00010, 
0.00015 and 0.00011 volt at lower molal solutions than 0.005 molal re- 
spectively. It was found that amalgams have the disturbing effect in the 
presence of air. Therefore in these experiments, amalgam was intro- f 
duced into the solution with keeping off from air. 


Summary. 


(1) The electromotive forces of the concentration cells with ternary 
electrolytes were studied by the three methods. 
(a) At anion reversible cell with mercury electrode. 
(b) At anion reversible cell with silver electrode. 
(c) At the cation reversible cell with amalgam electrode. 
(2) Several equations were theoretically obtained to calculate the 
electromotive forces of the cells above mentioned. 
(3) Mobilities at 30°C. and activity coefficients of chlorine, zinc, cal- 
cium, barium, strontium and magnesium ions were calculated. 
(4) We had a very good agreement between measured electromotive 
forces and calculated ones in the very dilute solutions. 


Yokohama Higher Technical School. 
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3, 5-DIKETOPYRAZOLIDINE DERIVATIVES. II. 


By Tokuichi TSUMAKI. 
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In the preceding paper,” it was reported as a property of 1, 2-diphenyl- 
3, 5-diketopyrazolidine that the compound condensed with aldehydes and 
ketones forming various coloured substances according to the following 
general formulae :— 


C,H;—N—CO C,H;—N—CO, 

SCH. + R—CHO = | C=CH-R + H.0, 
C,H;,—N—CO C,H;—N—CO 
C,H;—N—CO. UR C,H;—N—CO, r 

| ‘CH, + OC< = l C=CK + HO. 
C,H;—N—CO/ R’ C,H;—N—CO/ R’ 


And six condensation products were synthesised in the previous experi- 
ment. In this paper, another thirteen condensation products with alde- 
hydes are reported. Their colours and melting points are described in the 
following table. 


Aldehyde Condersation product —" Colour 
C;H;—N—CO., . 
»C=CH —CH; [1] 
wn 
p-Tolylaldehyde | ©oHs—N—CO 175 | Yellow 
1, 2-Dipheny] - 4 - (p-methylbenzylidene) - 3, 5-di- 
ketopyrpzolidine 
C;H;—N—CO, 
| >C=CH—< >—OCH;, [2] 
Anisaldehyde  ©oHs—N—CO ' 199 | Yellow 
1, 2-Diphenyl-4-(p-methoxybenzylidene) - 3, 5-di- 
ketopyrazolidine 
C;H;—N—CO ¥ Jos 
a | Jord NC [3] | 
p-Dimethylamino- C;H;—N—CO CH; 256 | Vermilion 
benzaldehyde 


1, 2-Dipheny]l - 4-(p-dimethylaminobenzylidene)- | (decom- | 
3, 5-diketopyrazolidine posed) 


(1) This Bulletin, 6 (1931), 1. 
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Aldehyde 


p-Hydroxybenz- 
aldehyde 


m-Hydroxybenz- 


aldehyde 


Salicylaldehyde 


p-Nitrobenz- 
aldehyde 


m-Nitrobenz- 
aldehyde 


o-Nitrobenz- 
aldehyde 


Protocatechu- 
aldehyde 


T. Tsumaki. 


Condensation product 


C;H;—N—CO, 
oe OH [4] 
C,H;—N—CO/7 


1,2-Dipheny]-4-(p-hydroxybenzylidene)-3, 5- di- 
ketopyrazolidine 


C=CH [5] 
OH 


1, 2 Diphenyl- 4 -(m-hydroxybenzylidene)-3, 5-di- 
ketopyrazolidine 


C,H;—N—CO 
»C=CH 7 [6] 
HO/ 


1, 2-Dipheny] - 4-(o-hydroxybenzylidene)-3, 5-di- 
ketopyrazolidine 


C,H;—N-—-CO 


C,;H;--N—CO 
| >C=CH NO, 
C;H;—N—CO 


~] 


1, 2-Dipheny1-4-(p-nitrobenzylidene) -3, 5-diketo- 
pyrazolidine 


C,H.-—_N—CO 
C=CH {8} 
C,;,H;—N—CO 
NOs 
1, 2-Diphenyl-4-(m-nitrobenzylidene)-3, 5-diketo- 
pyrazolidine 


C;H;—N—CO 
»C=CH [9] 
C,H;—N—CO 
NO, 
1, 2-Dipheny]1-4 - (o-nitrobenzylidene)-3, 5-diketo- 
pyrazolidine 


C,H;—N—CO, 
| SC=CH OH [10] 
C,H;—N—CO i 
OH 


1, 2- Dipheny] - 4- (3’, 4/- dihydroxy benzylidene)- 


3, 5-diketopyré:zolidine 


194 


193 


bo 


185 


174-176 


255 


(decom- 
posed) 


Colour 


Yellowish 
brown 


Reddish 
yellow 


Reddish 
yellow 


Reddish 
brown 


Russet 


Reddish 
yellow 


Yellow 
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Aldehyde Condensation product 7“ Colour 
C;H;—N—CO, 
| _ >C=CH —OH [11] 
Vanillin ey \ocn, 156-157 | Yellow 
1, 2-Diphenyl-4-(3/-rethoxy-4/-hydroxy-benzyli- 
dene)-3, 5-diketopyrazolidine 
C;H;—N—CO 
| _ >C=CH O [12] 
Piperonal C.Hs—N—CO ~- 234-235 | Yellow 
1, 2-Dipheny]1-4-piperonylidene -3, 5-diketopyra- 
zolidine 
C,H;—N—CO, 
l > =CH—CH;—CHy [13] 
Propionaldehyde C>Hs—N—CO 260 Yellow 


1, 2-Diphenyl-4-propylidene -3, 5-diketopyrazoli- | (decom- 
dine posed) 


The properties and the methods of formation of these compounds are as 
follows. 


1, 2-Diphenyl-4-(p-methylbenzylidene)-3, 5-diketopyrazolidine, [1]. When 
0.8gr. of 1, 2-diphenyl-3, 5-diketopyrazolidine and lgr. of p-tolylaldehyde 
were heated on the water-bath, a yellow mass was obtained. On recry- 
stallization from alcohol, it gave yellow prismatic needles, which melts at 
175°C. The yield was 1 gr. 

Anal. Subst.=0.0111 gr.; N. = 0.784c¢.c. (25°C., 754mm.) (Pregl’s method). 
Found: N=793%. Calc. for Co,;H,,0.Ne: N = 7.91%. 


1, 2-Diphenyl-4-(p-methoxybenzylidene)-3, 5-diketopyrazolidine, [2|. When 
0.6 gr. of diphenyldiketopyrazolidine and 0.8 gr. of anis-aldehyde were heat- 
ed on the water-bath under stirring, reddish yellow mass was obtained. 
On recrystallization from alcohol, it gave yellow long needles. It is spar- 
ingly soluble in cold aleohol. The yield was 0.5gr. M.p.: 199°C. 


Anal. Subst. = 0.0173 gr.; Nz, =1.202c.c. (26°C., TE 


57mm.) (Pregl’s method). 
Found: N = 7.80%. Calc. for C.;H;;N,O;: N =7.57 


%. 

1, 2- Diphenyl - 4-(p-dimethylamino - benzylidene)-3, 5-diketopyrazolidine, 
[3]. When 0.8gr. of diphenyldiketopyrazolidine and lgr. of p-dimethyl- 
aminobenzaldehyde were mixed and heated on a water-bath for a few 
minutes, the mixture solidified to a mass of vermilion colour. It was well 
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washed with hot alcohol, and the condensation product was left in an 
almost pure state. It is soluble in benzene, sparingly soluble in hot alcohol. 
It melts at 256°C. Before melting it seems to be somewhat decomposed. 
The yield was 1 gr. 
Anal. Subst. = 0.0125 gr.; Ne =1.205c.c. (26°C., 759mm.) (Pregl’s method). 
Found: “N = 10.86%. Calc. for C.,H:,0;N,;: N = 10.97%. 


1, 2-Diphenyl-4-(p-hydroxybenzylidene)-3, 5-diketopyrazolidine, [4]. When 
lgr. of p-hydroxybenzaldehyde and 0.8gr. of diphenyldiketopyrazolidine 
were fused together on a wire gauze, the mixture solidified to a reddish 
brown mass. On recrystallization from alcohol it gave yellowish brown 
prisms, which melts at 231°-232°C. The yield was 0.8gr. The compound 
is soluble in benzene, sparingly soluble in cold. alcohol, but insoluble in 
water. It is soluble in alkali solution giving it red colour. 


Anal. Subst. = 0.0116 gr.; N,=0.790c.c. (25°C., 757mm.) (Pregl’s method). 
Found: N=7.67%. Cale. for Co.H,gO03;Ne: N = 7.87%. 


1, 2- Diphenyl-4-(m-hydroxybenzylidene) -3, 5-diketopyrazolidine, [5]. 
When 0.5gr. of m-hydroxybenzaldehyde and 0.5gr. of diphenyl-diketo- 
pyrazolidine were heated on a wire gauze, a reddish brown viscous liquid 
was obtained, which on cooling solidified to a mass. On recrystallization 
from a small quantity of alcohol, it gave reddish yellow plates, which melts 
at 194°C. It is moderately soluble in alcohol. The yield was 0.4 gr. 


Anal. Subst. = 0.0105 gr.; N. = 0.752c¢.c. (28°C., 754mm.) (Pregl’s method). 
Found: N = 7.96%. Cale. for C..H,;,O0gN2: N= 7.87%. 


1, 2-Diphenyl-4-(0-hydroxybenzylidene)-3, 5-diketopyrazolidine, [8]. When 
0.8 gr. of 1, 2-diphenyl-3, 5-diketopyrazolidine and 1.7 gr. of salicylaldehyde 
were heated on the water-bath for about five minutes, the former dissolv- 
ed into the latter forming brownish yellow solution, which solidified on 
cooling toa mass. It was pressed on a porous plate to remove the excess 
of salicylaldehyde, and was recrystallized from ethyl] alcohol. The yield 
was 0.5gr. The compound forms reddish yellow prisms, which melts at 
193° C., and is moderately soluble in ethy] alcohol. 


Anal. Subst. =0.0107 gr.; N,—0.757c.c. (26°C., 761mm.) (Pregl’s method). 
Found: N=7.99%. Cale. for Co.H,,O;Ne: N= 7.87%. 


1, 2-Diphenyl-4-(p-nitrobenzylidene)-3, 5-diketopyrazolidine, [7]. When 
lgr. of p-nitrobenzaldehyde and 1gr. of diphenyldiketopyrazolidine were 
heated at 110°C., a brownish black mass was obtained. It was purified by 
dissolving it in hot benzene and allowing it to stand after the addition of 
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ethyl alcohol. The compound crystallized out as reddish brown prisms. * 
The yield was 0.8gr. It melts at 243°C.; and is soluble in benzene and 
chloroform, and sparingly soluble in alcohol and ether. 


Anal. Subst. 0.0108 gr.; N,=1.039c¢.c. (25°C., 760mm.) (Pregl’s method). 
Found: N=10.88%. Cale. for C..H;;0,N,: N = 10.91%. 


1, 2-Diphenyl-4-(m-nitrobenzylidene)-3, 5-diketopyrazolidine, [8]. One 
gram of m-nitrobenzaldehyde and 1 gr. of diphenyldiketopyrazolidine were 
heated on the water-bath for a few minutes. On cooling the product solidi- 
fied to a mass of red colour. It was dissolved in hot alcohol and this solution 
gave russet crystals when allowed to stand for one day. They were re- 
crystallized once from alcohol. M.p.: 185°C. The yield was 0.6 gr. 


Anal. Subst. = 0.0113 gr. ; o = 1.137 c.c. (28°C., 755 mm.) (Pregl’s method). 
Found: N=11.19%. Cale. for Co.H,;;0,N,;: N=10.91%. 


1, 2-Diphenyl-4-(o-nitrobenzylidene)-3, 5-diketopyrazolidine, [9]. One 
gram of o-nitrobenzaldehyde and 1 gr. of diphenyldiketopyrazolidine were 
fused. The product solidified on cooling to a mass, which gave the prismatic 
needles of reddish yellow colour on recrystallization from alcohol. The yield 
was 0.7gr. M.p.: 174°-176°C. 


Anal. Subst. =0.0l11 gr.; N,=1.106c.c. (28°C., 755mm.) (Pregl’s method). 
Found: N=11.09%. Cale. for C..H,;;0O,;N;: N=10.91%. 


1, 2-Diphenyl-4-(3' , 4'-dihydroxybenzylidene)-3, 5-diketopyrazolidine, [10]. 
1.2 Gr. of protocatechualdehyde and 1.2 gr. of 1, 2-diphenyl-3, 5-diketopy- 
razolidine were heated on a wire gauze above 150°C., and were kneaded into 
amass. It was heated for a while with alcohol. The solution was coloured 
dark brown and the condensation product remained as a yellow precipitate. 
It was recrystallized from alcohol. The yield was 1.5 gr. M.p.: 255°C. 
Before melting it seems to be somewhat decomposed. 


Anal. Subst. =0.0116gr.; N,—0.811 ¢.c. (25°C., 749mm.) (Pregl’s method). 
Found: N=7.79%. Cale. for Co.H,;,O,;Ne: N = 7.53%. 


1, 2-Diphenyl-4-(3'-methoxy-4'-hydroxy-benzylidene)-3, 5-diketopyrazoli- 
dine, [11]. 1.2 Gr. of vanillin and 1.2 gr. of diphenyldiketopyrazolidine were 
fused on the water-bath and the product was dissolved in hot alcohol. This 
solution gave orange red crystals when allowed to stand for one day. On 
recrystallization from ligroin, the compound crystallized out as yellow cry- 
stals. It melts at 156°-157°C. ;: and the result of the analysis corresponds 
to the compound [11]. The yield was 1 gr. 


Anal. Subst. = 0.0124gr.; N,=0.863¢.c. (27°C., 750mm.) (Pregl’s method). 
Found: N = 7.72%. Cale. for Cz,H;,0,No: N = 7.25%. 
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1, 2-Diphenyl-4-piperonylidene-3, 5-diketopyrazolidine, [12]. When 1.2 
gr. of piperonal and 1.2 gr. of diphenyldiketopyrazolidine were warmed on 
the water-bath under stirring, the whole changed into yellow powder. It 
was purified by dissolving it in hot chloroform and allowing it to stand after 
the addition of ethyl alcohol. The compound crystallized out as yellow 
needles. The yield was1.6gr. M.p.: 284°-235°C. It is soluble in ether, 
sparingly soluble in ethy] alcohol. 

Anal. Subst. = 0.0152 gr.; N, = 1.029c.c. (26°C., 760mm.) (Pregl’s method). 
Found: N = 7.63%. Calc. for Co;H,O,No: N = 7.29%. 


1, 2-Diphenyl-4-propylidene-3, 5-diketopyrazolidine, [13]. When 1 gr. of 
diphenyldiketopyrazolidine and 2gr. of propionaldehyde were warmed on 
the water-bath for a while, the former dissolved into the latter forming 
brown solution. The excess of propionaldehyde was then evaporated off, 
and alcohol was added to the residue, and the solution was allowed to stand 
for one day. The condensation product deposited out as yellowcrystals. It 
was filtered and washed with alcohol. The yield was 0.15gr. It melts at 
260°C. Before melting, it seems to be somewhat decomposed. 

Anal. Subst.=0.0107 gr.; N = 0.921 c¢.c. (28°C., 755mm.) (Pregl’s method). 
Fuund: N = 9.58%. Calc. for CjgH,gOsNe: N = 9.59%. 
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Hitherto many chemists studied the composition of the turkey-red, the 
formula 2A1l2.03 : 3CaO : C14HsO4 was proposed by Rosenstieh]™ ; the formula 
AleO3(CaO)2(Ci4HeOz)s by Saget; AlzOz, CaO, (Ci44HeOs);, H2O by Liechti and 
Suida®. Recently R. Mohlau™ gave the formula 





(1) Bull. Soc. Ind. Mulhouse, 1875, 56. 

(2) Moniteur scientifique 1883, 1086. 

(3) Mitt. d. Rechnol. Gew. -Museum, Wien, 2 (1885), 26; 3 (1886), 5. 
(4) Ber., 46 (1913), 443. 
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O-R-O. 
AlZ0-R-O- 
O-nOK + a. , 
0-R-0>C® where R means C.Hy< C,H: < and 
rs 
Al—O-R-O 
O-R-O 


Ca 


Ca 


moreover there are many other researches on the reaction-products of 
alizarin and alumina. 

A few years ago, Bull and Adams studied the reaction of hydrochromic 
oxide or hydrous ferric oxide on sodium alizarate and concluded that in that 
case no true chemical compound was formed but adsorption compound. 
Williamson™ researched the reaction between sodium alizarate and alumi- 
nium hydroxide. For this purpose he tried to determine the amount of 
sodium hydroxide, the by-product of the reaction, but could not get a 
reasonable datum, so he concluded that in this reaction no true aluminium 
alizarate is formed but an adsorption complex. 

Now it is not too much to say that alizarin is almost insoluble in water 
at any condition, cold or hot, while it is easily soluble in the aqueous solu- 
tion of sodium aluminate, giving a deep red colouration immediately, either 
cold or hot, and the author observed that if the former is added over a 
certain limit, its excess remains in state of yellow crystalline suspension in 
the coloured liquid and is easily visible under microscope. So the author 
thinks that some reaction might have occurred between these two com- 
pounds and it will be very interesting to research the reaction, since the 
reaction-product might be considered to have connection to Turkey-red 
from the point of view of the chemical constitution. 


Experimental. 


The Purification of Alizarin. The methods of the purification are pro- 
posed by many researchers. According to Graebe and Lieberman” the 
sublimation process which Schutzenberger proposed is best applicable for 
alizarin. Lieberman dissolved alizarin in excess of a dilute sodium hydrox- 
ide solution and into the solution is passed carbon dioxide; then 2/3 part 
of the dyestuff is precipitated as acid sodium salt, while the co-existing 
isopurpurin remains in the solution. The precipitate of the acid salt is 
filtered and decomposed with hydrochloric acid. Schunk reported that 


(1) J. phy. Chem. 28 (1924), 891. 
(2) Ann. Spl., 7 (1870), 301. 

(3) Ann., 183 (1876), 206. 

(4) Ann., 66 (1846), 187. 
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alizarin recrystallized from alcohol loses its crystalline water at 100°C. 
and sublimes by heating in a test-tube at 215°C. But afterwards he and 
Roemer™ reported that alizarin begins to sublime at 110°C. and by con- 
tinuous heating at ca. 140°C., and in this way it is able to purify from its 
homologues. Perkin” gave some notice about the sublimation process. As 
to other methods of purification, aleohol and ether are generally used as 
solvents. Toluene is proposed by Liebermann” to remove purpurin. Then 
the author, with the intention to know the best condition for purifying the 
raw alizarin, find that toluene is the best solvent and that even with 
toluene it is very difficult to get pure alizarin, although recrystalliza- 
tions are repeated ; so he modified the Liebermann’s method as follows :— 
Two grams of E. Merck’s dry alizarin is dissolved in 2 litres of sodium 
hydroxide (ca. 1/20 N.) and filtered without suction, lest the glutinous solu- 
tion causes to choke the filter paper. If the concentration of sodium 
hydroxide solution is too strong, the solution will become very slushy and 
take long time to filter, though the volume is small. Into the filtrate a 
current of carbon dioxide is slowly passed so long as almost of bubbles 
disappear. The dark red solution thus obtained is filtered off and the precipi- 
tate, acidic sodium alizarate, is neutralized with ca.1N. hydrochloric acid 
very slowly. This precipitate, normal alizarin, is filtered with Buchner’s 
funnel and once more repeated the above treatment. Then the precipitate 
is washed with water until no trace of chlorine-ion is present and recry- 
stallized twice with 250 ¢c.c. of pure toluene. Thus purified alizarin melts at 
286-288.5°C. and now it is boiled with 500c.c. of saturated alum solution 
for about one hour in order to remove the residual homologues, filtered 
off while hot. This treatment is repeated twice more and once more recry- 
stallized with 250 c.c. of toluene and at last with 300 c.c. of pure alcohol to 
remove a trace of toluene. After dried at 100°C., it melts at 288.5-289.5°C. 


(uncor.). 


Analytical Study of the Product. On the quantitative estimation of 
alizarin, Knecht and Hibbert reported that the alcoholic solution of a'izarin 
is reduced by the titanous trichloride. This is only one with regard to the 
method of estimation of alizarin; but this method is not applicable in this 
ease. The author dissolved 0.0600 gr. of pure alizarin in 250 c.c. of toluene, 
i.e. 1/1000 mol solution. 


(1) Ber., 13 (1880), 41. 

(2) J. Soc. Chem. Ind., 14(1895), 1026. 
(3) Fer., 35 (1902), 1781. 

(4) J. Soc. Dyers Col., 31 (1905), 241. 
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And an aqueous solution of sodium aluminate is stocked for about one 
month in order to settle the insoluble matter as much as possible, then the 
mol concentration, 0.0372 Al, is determined by Lunge’s method.” 

These two so'utions are poured into a well-stoppered bottle of a suitable 
capacity in a certain proportion and shaken for several hours at room tem- 
perature and then left to stand for a few hours. Now the supernatant 
toluene solution is pipetted out of the bottle and after adding certain 
volume of alkali, 1.16N., compared with the standard alkali solution of 
alizarin colorimetrically, using Duboseq colorimeter. 

The volumes of both reagents are recorded in Tablel. In this 
table, from A to G, each of them has too much amount of aluminate 


Table 1. 

0.001-mol aliz. Aluminate sol. ta‘en Colour of the 

No. solution taken, upper .ayer 
in ¢.c. concentration i: mol. Volume in c.c. after sh :kings. 

A 10 0.0372 10 colourless 
B 5 0.0372 10 colourless 
Cc 11 _ 0.0372 10 colourless 
D 10 0.0372 5 colourless 
E 10 0.0372 1 colourless 
F 10 0.0037 10 colourless 
G 10 0.0037 5 colourless 
H 10 ' 0.0037 1 light yellow 
I 10 0.00037 10 light yellow 
J 10 0.00037 5 yellow 
K 10 0.00037 1 yellow | 


for alizarin, because there is no alizarin remains in the upper layers. But 
in the last four (H~K), certain amount of alizarin remains in toluene even 
after shaking and the amount is determined by colorimetry, adding sodium 
hydroxide solution to obtain a bluish violet solution of sodium alizarate. 
These results are recorded in Table 2. Here, a-series, forexample H., means 
the upper layer, i.e. the toluene solution of alizarin after the reaction is 
completed. And §-series means the 1/1000 mol toluene solution of alizarin, 
viz. standard solution. 


(1) Z. angew. Chem.” 3 (1890), 227, 298. 


































































Toluene sol. ae 
No. of alizarin, solution, 

taken in c.c. — 1 
He 5 10 28.2 
Hs 2 10 3.0 
I, 5 10 24.3 
Is 1 10 6.7 
Je 5 10 12.4 
Js 1 10 19.0 
Ke 2 10 9.8 
Ks 1 1 @| 17.0 


as follows: 
2:6=— Zz :942, 


No. Relative value 
Ha 10000 
Hs 377 
Ia 10000 
Is 560 
Ja 10000 
Js 3036 
Ke 10000 
Ks 8732 


alizarin uncombined with aluminate. 
with aluminate. 
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No. of measurement 


X = 377 for H;, if the equal volume as H. taken. 
values are collected as shown in Table 3. 


Table 2. 


Colorimeter reading in mm. 


Average value, 


2 3 magnified. 
20.7 16.6 10000 
1.9 1.4 942 
15.6 20.1 10000 
4.3 5.8 2800 
8.1 17.2 10000 
12.0 26.5 15182 
7.9 6.6 10000 
13.8 11.6 17464 


Now, if the equal volumes of both a- and #-series are used, the numeri- 
cal values of 4-series, referred to a = 10000 as the standard, are calculated 


Table 3. 


Comparing with the original solution, 


the conc. of alizarin dim nished to 


377 / 10000 


560 / 10000 


3037 / 10000 


8732 / 10000 


Hence, the fractions in Table3 mean the values showing the free 


Table 4 represents those combined 


In this way above 
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Table 4. 
No The fractional values that reacted with the sodium 
ee aluminate 
Ha 1—( 377/ 10000) = 9623 / 10000 
Ix 1—( 560/ 10000) = 9440 / 10000 
a 1—(3036 / 10000) — 6964 / 10000 
Ke 1—(8732/ 10000) = 1268 / 10000 
Table 5 shows actual volumes of the 1/1000 mol solutions. if 
- y 
Table 5. i 
No. Alizarin solution in c.c. Aluminate solution in c.c. 15 
af 
Ha 9.62 3.72 i$ 
I 9.44 3.72 | 
‘, 6.96 1.86 i 
Ka 127 0.37 rt 


PR as 


From this table one can get easily the ratio in mol, the alizarin to the 
aluminate, as follows, Table 6. 


Table 6 
No. Ratio in mol (Alizarin / Aluminate) Average value 
Hz 962 /372 — 2.6 
Te 944/372 = 2.5 3.1 
Ja 696 /186 = 3.7 
Ke 127/ 37 = 3.4 


From these experiments, it is clear that the reaction, which takes place 
between the alizarin and the sodium aluminate, is not a kind of adsorption 
but true chemical reaction. Of course, there are some colloidal particles 
coexist and therefore between these colloidal substances and the reaction- 
product, sodium aluminium alizarate, certain adsorption may occur. On the 
whole, the reactions between alizarin and sodium aluminate are two kinds, 
the one is true chemical and the other of an adsorption. 

The author expresses his hearty thanks to Prof. Dr. J. Inouye for the 


kind help in carrying out this research. 
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Summary. 


1. The method of purification of alizarin is proposed. 


2. A deep orange, hydrophile colloidal substance is produced when 
alizarin is added into an aqueous solution of sodium aluminate. The 
mechanism of the reaction may be as follows; 


JO. OH («) 
3 C,H, SC. H: + Na;AlO, 
CO/ OH (6) 


CO LO 
(cH, C,H.2 ) AINa, + 3H.0. 
CO O 


And the constitutional formula will be 


ZZZ. 


Laboratory of Applied Chemistry, Technical Faculty, 
Tohoku Imperial University, Sendai. 
October, 1926. 
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Introduction. 


The effect of the positive and negative catalytic actions of a number 
of substances ‘on the rate of oxidation of stannous chloride solution had 
been studied by S. W. Young.” The rate of oxidation of the same sub- 
stances by passing air-bubbles was also studi d by the present writer a few 


(1) J. Am. Chem. Soc., 23 (1901), 119 and 450. 
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years ago, and the effect of substances such as sodium hydroxide, sodium 
carbonate, hydrochloric acid and sulphuric acid on the rate of oxidation 
of stannous salt was observed. 

The experimental procedure was as follows. 

Air, washed by acidified potassium bichromate solution and sodium 
hydroxide solution, was passed into the reacting solution, contained in a 
large test-tube (diameter = 3cm.), through a glass tube of definite diameter 
at a constant velocity. After t-minutes the air current was stopped and 
the total amount of the solution was poured into a known quantity of iodine 
solution, acidified with hydrochloric acid, and the excess of iodine was 
titrated back with sodium thiosulphate solution of known concentration. 
The measurements were carried out in an ordinary water-thermostat. The 
amount of reacting solution was made up to 40 ¢.c. in each case, and the 
exit tube was kept at a fixed depth below the surface of the reacting 
solution. 


(1) The Effect of Sodium Hydroxide.” As will be seen in Fig. 1, the 
relation between the rate of oxidation of stannous hydroxide and the con- 
centration of scdium hydroxide solution can be shown graphically by a 
two-stage curve. 

The rate of oxidation of stannous hydroxide increases rapidly with the 
increase of concentration of sodium hydroxide as far as it attains a maximum 
value, when the concentration of sodium hydroxide is about 0.18 normal. 
Further increases of the concentration of sodium hydroxide cause a 
gradual decrease on the rate of oxidation of stannous hydroxide. 


(2) The Effect of Sodium Carbonate.” Contrary to expectation, 
stannous hydroxide oxidizes at an extremely slow rate in sodium carbonate 
solution, and the increase of concentration of sodium carbonate has nearly 
no effect upon the rate of oxidation of stannous hydroxide, as will be seen 
in Fig. 1. 


(3) The Effect of Hydrochloric Acid. The effect of hydrochloric 
acid on the rate of oxidation of stannous chloride was found to be analogous 
to that of sodium hydroxide on the rate of oxidation of stannous hydroxide. 
The effect again can be illustrated by atwo-stage curve. The rate of oxida- 
tion of stannous chloride increases rapidly with the increase of the concen- 
tration of hydrochloric acid, as far as the concentration of the latter reaches 
about 0.25 normal. In the more concentrated solution of hydrochloric acid 
(1) Miyamoto, this Bulletin, 2 (1927), 155. 

(2) Ibid., 3 (1928), 43. 
(3) Ibid., 2 (1927), 259. 
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the rate of oxidation of stannous chloride is independent of its concentra- 
tion, and the increase of concentration of hydrochloric acid has but little 
effect upon the rate of oxidation. 


(4) The Effect of Sulphuric Acid.” The influence of sulphuric acid 
is quite anologous to that of hydrochlorid acid, as will be seen in Fig. 1. 
The rate of oxidation increases with the increase of the concentration of 
sulphuric acid as far as the concentration of the latter attains the value of 
about 0.8normal. Further increases of the concentration of sulphuric acid 
have only a slight effect upon the rate of oxidation of stannous salt. 

The observed values of the rate of oxidation of stannous salt solution 
by air in the presence of the above mentioned acid or alkali were already 
published in the previous papers.2 The representative values are sum- 


marized in Table 1, in which . means the volume of sodium thiosulphate 


Table 1. 
Temp. = 20°C. Velocity of air passed = 7.78 liters per hour. 


‘ Av . Av Av Av 
CNaOH CNna2CO3 : Cxcl CH2s04 
normal. At normal. = P normal. At. normal, * : 
c.c./min. c.c./min. c.c./min. c.c./min. 
0.00595 0.0224 0.0155 0.00600 0.00647 0.0170 0.01410 0.0304 
0.02170 0.0531 0.1655 0.00766 0.09672 0.0227 0.2959 0.0339 
0.04057 0.08393 0.4655 0.00689 0.1682 0.0657 0.7185 0.0710 
0.1081 0.23 0.8405 0.00660 0.323 0.106 0.8370 0.115 
0.1706 0.257 1.216 0.00585 0.4587 0.118 0.97_0 0.121 
0.2204 0.259 0.8151 0.118 1.377 0.117 
0.3252 0.246 1.360 0.115 1.396 0.127 
0.5500 0.215 1.811 0.132 1.423 0.123 
1.130 0.168 2.262 0.139 2.052 0.109 
1.704 0.126 2.558 0.107 
2.312 0.0998 2.727 0.105 
2.832 0.108 


solution of 0.0996 normal, equivalent to the quantity of stannous salt 
oxidized per minute under the conditions described in the previous paper. 

The above mentioned substances, with the exception of sodium car- 
bonate, have thus similar influence upon the rate of oxidation of stannous 


(1) Miyamoto, this Bulletin, 4 (1929), 48. 
(2) Loc. cit. 
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salt. The effect of each of them is illustrated by a two-stage curve in 
Fig. 1. At low concentrations of the alkali or the acid, the rate of oxida- 
tion of stannous salt increases rapidly as the concentration of the alkali or 
the acid increases. 
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Fig. 1. 


At high concentrations of the alkali or the acid, the rate of oxidation of 
stannous salt is not much influenced by the increase of concentration of these 
substances, and it was also confirmed, that in this region the rate of 
oxidation is independent of the concentration of stannous salt. The pre- 
sent writer explained the phenomenon by the assumption™ that the rate 
of oxidation, observed in this region, is not the characteristic value of 
stannous salt, but is equivalent to the rate of solution of oxygen into 
alkaline or acidic solution, free from oxygen. This assumption is very 
probable as was discussed in the previous papers,” and it will be of no 
use to repeat the discussion of the assumption, proposed to interpret the 
mechanism of this part. 

This paper is intended to interpret why the rate of oxidation of 
stannous salt solution by oxygen increases with the increase of concentra- 
tion of sodium hydroxide, hydrochloric acid or sulphuric acid in the initial 
stage. The following assumptions are proposed by the present writer to 
interpret the phenomenon. 


(1) Miyamoto, this Bulletin, 3 (1928), 98. 
(2) Loe. cit. 
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Stannous ion is oxidized by oxygen at an extremely slow rate, and the 
formation of some complex ion, containing the tin atom, causes the rapid 
increase in the rate of oxidation of stannous salt. This assumption will 
be very probable as will be discussed in the following. It is a well 
known fact that stannous hydroxide, precipitated from stannous salt solu- 
tion by the addition of sodium hydroxide, dissolves in the excess of sodium 
hydroxide, forming a complex compound, sodium stannite. If we apply 
the assumption, above described, in this case, stannous hydroxide is oxidiz- 
ed at an extremely slow rate, while sodium stannite, the concentration of 
which increases with the increase of concentration of sodium hydroxide, is 
oxidized rapidly. 

Then the experimental fact is clearly interpreted as follows. The rate 
of oxidation of stannous hydroxide increases with the increase of concen- 
tration of sodium hydroxide, as a result of the formation of stannite, as far 
as it attains the maximum rate of solution of oxygen into sodium hydroxide 
solution. The decrease of the rate of oxidation of stannous hydroxide with 
the further increase of concentration of sodium hydroxide at the second 
stage takes place from quite a different cause. It is due to the decrease 
of the maximum rate of solution of oxygen into sodium hydroxide solution 
with the increase of concentration of sodium hydroxide, according to the 
opinion of the present writer. 

The experimental fact, that stannous hydroxide is oxidized at a very 
slow rate in sodium carbonate solution, in which a minute quantity of 
stannite is formed, is another fact favourable for the present theory. It 
was experimentally confirmed,” that oxygen dissolves into sodium ecar- 
bonate solution at nearly the same rate as into sodium hydroxide solution, 
and it can be described that the slow rate of oxidation of stannous hydroxide 
in sodium carbonate solution has no relation to the rate of solution of 
oxygen into the solution. 

The above described assumption can quite similarly be applied for the 
interpretation of the effect of hydrochloric acid. By the measurement of 
electrical conductivity of the mixture of stannous chloride and hydrochloric 
acid solution, S. W. Young® confirmed that at least two complex com- 
pounds, such as hydrotrichlorostannous acid HSnCls and hydrotetrach!oro- 
stannous acid H2SnCl, are formed in the hydrochloric acid solution of 
stannous chloride. 

Then the influence of the increase of concentration of hydrochloric acid 
on the rate of oxidation of stannous chloride can be interpreted in the same 


(1) Miyamoto, this Bulletin, 3 (1928), 76. 
(2) J. Am. Chem. Soc., 23 (1901), 21. 
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manner as in the previous case by the assumptions that stannous chloride 
itself oxidized at an extremely slow rate, and that the formation of complex 
acids, whose concentrations increase with the increase of concentration of 
hydrochloric acid, is the cause of the increase of the rate of oxidation of 
stannous chloride. 

From the result of the study of the effect of sulphuric acid on the rate 
of oxidation of stannous salt solution, it can be expected that some complex 
compound will be formed in the mixture of stannous sulphate and sulphuric 
acid solution, if the assumption, above described, be acceptable. In other 
words, the effect of sulphuric acid on the rate of oxidation of stannous salt 
can be interpreted in the same way as in the previous cases, if the forma- 
tion of some complex compound in sulphuric acid solution of stannous salt 
be experimentally confirmed. 

The measurement of electrical conductivity of the solution will be 
one of the suitable methods to ascertain whether the combination of 
stannous sulphate and sulphuric acid takes place in the solution, and the 
following experiment was carried out for this purpose. 


Experimental. 


Sulphurie acid, Kahlbaum for analysis, was employed. Stannous sul- 
phate was prepared by the method of C. M. Carson™ from copper sulphate, 
Kahlbaum for analysis, tin, Kahlbahm for analysis, and sulphuric acid. 
The white crystals of pure stannous sulphate were easily obtained by this 
method in the laboratory. 

The conductivity cell of a suitable type for the present purpose, shown 
graphically in Fig. 2, was manufactured in the laboratory with hard glass. 
Its cell constant is about 30. The experimental procedure was the ordinary 
Wheatstone bridge method, slide wire bridge of 2000 division and precision 
decade resistance box, manufactured and examined by Ando Co., being 
employed. The cell constant of the conductivity vessel was determined by 
measuring the conductance of potassium chloride solution as usual. It is 
not necessary to use conductivity water of a high degree of purity for the 
present purpose. Distilled water from tin vessel, freed from carbon 
dioxide by drawing a current of air, free from carbon dioxide, through the 
water, was employed. The measurements were carried out in an elec- 
trically heated and controlled water thermostat, whose temperature was 
kept constant within fluctuations of less than 0.03°C. 


(1) J. Am. Chem. Soc.,”48 (1926), :906. 
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Fig. 2. 


As stannous sulphate in sulphuric acid solution is oxidized by air, the 
preparation of the solution and the measurement of conductivity were 
carried out in the atmosphere of nitrogen as follows. The measured 
quantity of stannous sulphate crystals was placed in an Erlenmeyer flask, 
and when the air in the flask had been replaced by nitrogen, a definite 
quantity of sulphuric acid solution of known concentration was poured into 
the flask. The air in the conductivity cell was also entirely replaced by 
nitrogen, before the solution was poured into the cell, and during the ob- 
servation, nitrogen gas was passed continuously in the cell through A and 
A’ (Fig. 2) to prevent the oxidation of stannous sulphate. The specific con- 
ductance of pure sulphuric acid solution was also observed, although it is 
given in Landolt-Bérnstein Tabellen. 

The results, observed at 18°C. and at 25°C., are given in Tables2 and 
3 respectively. They are shown graphically in Fig. 3. In the Tables, K 
means the specific conductance of the mixture, JK the difference of specific 
conductance of the mixture and that of pure sulphuric acid solution. 


Discussion. 


As was expected, the influence of stannous sulphate on the specific 
conductance of sulphuric acid solution was confirmed to be similar to that 
of stannous chloride on the specific conductance of hydrochloric acid solu- 
tion, which had been studied by S. W. Young.“ When the concentration 
of sulphuric acid is less than about 0.6 normal, the specific conductance 





(1) Loe. cit. 
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Temp. = 18°C. 


CHeso, 


normal. 


0.5330 


1.066 


1.853 


3.044 


3.706 


6.088 


Csnso4 


normal. 


0.2000 
0.4000 
0.6000 
1.000 
0 
0.4012 
0.6007 
1.001 


0 

0.1998 
0.4001 
0.6000 
0.9998 


0 
0.4012 
0.6000 
1.004 


0 
0.4000 
0.6002 
1.000 


0 
0.1998 
0.4000 
0.5999 
1.000 


0 

0.1999 
0.3004 
0.4000 


Table 2. 


K 


0.05564 
0.05690 
0.05874 
0.06099 
0.06631 


0.1091 
0.1098 
0.1107 
0.1130 


0.2093 
0.2073 
0.2055 
0.2039 
0.2000 


0.3423 
0.2304 
0.3266 
0.3166 


0.5056 
0.4860 
0.4737 
0.4573 


0.5762 
0.5636 
0.5507 
0.5388 
0.5155 


0.7198 
0.7009 
0.6913 
0.6823 


4K 


0 
+0.00126 
+0.00310 
+0.00535 

+ 0.01067 


0 
+0.0007 
+0.0016 
+0.0039 


0 
— 0.0020 
—0.0038 
—0.0054 
—0.0093 


0 
—0.0119 
—0.0157 
—0.0257 


0 
— 0.0196 
— 0.0319 
— 0.0483 


0 
—0.0126 
—0.0255 
—0.0374 
— 0.0607 


0 
—0.0189 
—0.0285 
—0.0375 


AK 
Csnsou 


0 
+-0.00630 
+ 0.00775 
+0.00892 
+-0.01067 


0 
+ 0.0017 
+ 0.0027 
+ 0.0039 


0 
—0.0100 
—0.0095 
—0.0090 

0.0093 


0 
— 0.0297 
—0.0262 
— 0.0256 


0 

0.0490 
— 0.0532 
— 0.0483 


0 
— 0.0630 
— 0.0638 
— 0.0623 
—0.0607 


0 
—0.0945 
— 0.0950 
—0.0938 
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Temp. = 25°C. 


Cyeso, 


normal. 


0.2591 


0.5320 


1.064 


1.850 


tb 
> 
Co 
= 


3.034 


3.701 


6.068 


Csnso, 


normal. 


0 
0.1999 
0.4001 
0.6000 
0.8000 
1.000 
1,200 


0 
0.3999 
0.6000 


0 
0.2000 
0.3999 
0.6001 
1.000 
1.400 


0 
0.4000 
0.6000 


0 
0.2000 
0.4000 
0.6002 
1.000 


0 
0.4000 
0.6001 


0 
0.2000 
0.4000 


0.6000 
1.000 


0 

0.2000 
0.2999 
0.4000 
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Table 3. 


0.05977 
0.06141 
0.06329 
0.06605 
0.06898 
0.07208 
0.07533 


0.1180 
0.1187 
0.1196 


0.2265 
0.2242 
0.2224 
0.2207 
0.2180 
0.2156 


0.3718 
0.3604 
0.3552 


0.4656 
0.4581 
0.4501 
0.4420 
0.4271 


0.5535 
0.5323 
0.5216 


0.6319 
0.6185 
0.6055 
0.5928 
0.5€83 


0.7983 
0.7783 
0.7685 
0.7587 





AK 


0 
+0.00164 
+0.00352 
-+-0.00628 
+ 0.00921 
+-0.01231 
+ 0.01556 


UV 
+ 0.0007 
+0.0016 


0 
—0.0024 
—0.0042 

-0.0059 
—0.0086 
—0.0110 


0 
—0.0114 
—0.0166 


0 
—0.0075 
—0.0155 
—0.0236 
-0.€385 


0 
—0.0212 
—0.0319 


0 

—0.0134 
—0.0264 
—0.0391 
— 0.0636 


0 
-0.0200 
— 0.0298 
—0.0396 





4K 
Csnso4 

0 
+ 0.0082 
+ 0.0088 
+0.0105 
+0.0115 
+0.0123 

0.0130 


0 
+0.0018 
+ 0.0027 


0 
0.0120 
-0.0105 
0.0098 
-0.0086 
0.0079 


0 
— 0.0285 
-0.0277 


0 

0.0375 
— 0.0388 

-0.0393 
—0.0385 


0 
0.0530 
—0.0532 


0 
-0.0670 
—0.0660 
—0.0652 
—0.0636 


0 
—0.1€00 
— 0.0993 
—0.6990 
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Fig. 3. 


of the mixture increases gradually with the increase of concentration of 
stannous sulphate. The addition of stannous sulphate into sulphuric acid 
solution of proper concentration (approximately 0.7 normal) will have no 
effect on the specific conductance of the solution. When the concentration 
of sulphuric acid is greater than about 1 normal, the specific conductance 
of the mixture decreases with the increase of concentration of stannous 
sulphate. The decrease of the specific conductance of the solution, caused 
by the addition of stannous sulphate is considerably great, and it will be 
unable to be interpreted as the effect of commen ion. The formation of 
some complex compound will be evident. 


, , 4K \., 
The relation between the percentage influence, ( ; )+ K ), 
Csnso, ‘ Csnso, = 9 


and the concentration of sulphuric acid, can be calculated from the results, 
given in Tables2 and 3. The calculated values, when the concentration of 
stannous sulphate is about 0.4 normal, are shown in Table 4, and graphical- 
ly in Fig. 4. As will be seen in the figure, the curve does not show a 
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Table 4. 

‘ - K K AK ae \ ie 
| my CH2804 Csnso3-0 | Csnsos= 30.4000 Csnso ( Csnsos , \ 6" | 
0.2596 0.0£564 0.05874 +0.00775 0.139 

0.5330 0.1091 0.1098 +-0.0017 +-0.0156 

1.066 0.2093 0.2055 —0.0095 0.0454 
18°C. 1.853 0.3423 0.3304 —0.0297 —0.0868 
3.044 0.5056 0.4860 —0.0490 —0.0969 

3.706 0.5762 0.5507 —0.0638 0.1107 

6.088 0.7198 0.6823 -——0.0938 —0.130 

0.2591 0.05977 0.06329 +6.0088 +-0.147 

0.5320 0.1180 0.1187 +0.0018 +-0.0153 

1.064 0.2266 0.2224 — 0.0105 —0.0463 
95°C. 1.850 0.3718 0.3604 —(0.0285 -0.0767 
2.431 0.4656 0.4501 —0.0388 -0.C833 
3.034 0.5&35 0.5323 -0.0530 -0.0858 
3.701 0.6319 0.6055 0.0660 —0.1044 
6.068 0.7983 0.7587 —0.0990 -0.1240 
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maximum or a minimum, but it has a turning point at about 3 normal when 
the temperature is 18°C., and at about 2.5 normal when the temperature 
is 25°C. In other words, the graph which represents the relation between 
the percentage influence and the concentration of sulphuric acid solution 
is composed of two curves. 

For the interpretation of the result, it will be necessary to assume the 
formation of two kinds of molecular complexes, quite the same way as in 
the case of stannous chloride solution containing excess of hydrochloric 
acid. It is highly probable that compounds are formed in the solution, 
with molecular complexes of the type shown in the following reactions. 


2SnSO.+ HeSO. = HeoSme2(SOg)s, www we eee eee ee eee (1) 
H2Sn o(SO4)3+ H.SO, = 2H2Sn(SO,)e2 Seto senevansceoeceeeses (2) 


The potassium salts of these complex acids, Kz Sn2(SO4)s and Kz Sn(SOq)e, 
had heen found by Marignac.® The assumption, that at low concentra- 
tions of sulphuric acid solution the equilibrium of the first reaction (1) pre- 
dominates, and at high concentrations the equilibrium of the second reaction 
(2) becomes noticeable, will be sufficient to interpret the observed pheno- 
menon clearly. 

Thus the assumption that the rate of oxidation of stannous salt itself 
by oxygen is extremely small, and the formation of some molecular com- 
plexes causes the increase of the rate of oxidation of stannous salt solution 
will be applied for the interpretation of the rate of oxidation of stannous 
salt containing sulphuric acid also. This assumption will generally be ap- 
plied for the interpretation of the rate of oxidation of stannous salt in the 
presence of a large quantity of other substances. 

When the solvent is not water, the mechanism of the oxidation will be 
different, and the assumption, above described, will not be satisfied. For 
example, it was confirmed in the laboratory of the present writer by a 
preliminary experiment, that the alcoholic solution of anhydrous stannous 
chloride is oxidized by oxygen at a considerably rapid rate. 

The assumption, which attributes the increase of the rate of oxidation 
of stannous salt solution with the increase of concentrations of acid or 
alkali to the catalytic action of the acid or the alkali, will not be justifiable. 
Stannous salt is oxidized rapidly in sodium hydroxide solution, while it is 
oxidized at an extremely slow rate in sodium carbonate solution, in which 
Na- and OH- ions are also present. 


(1) Loe. cit. 
(2) Mellor: Treatise on Inorganic and Theoretical Chemistry, Vol. VII, p. 478. 
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Summary. 


(1) The effects of sodium hydroxide, sodium carbonate, hydrochloric 
acid and sulphuric acid on the rate of oxidation of stannous salt solution by 
air were described. ro 

(2) The specific conductance of sulphuric acid solution containing stan- 
nous sulphate was observed. When the concentration of sulphuric acid is 
less than about 0.6 normal, specific conductance of the mixture increases 
with the increase of concentration of stannous sulphate and when the con- 
centration of sulphuric acid is greater than about 1 normal, the specific con- 
ductance of the mixture decreases with the increase of concentration of 
stannous sulphate. The assumption, that two kinds of molecular com- 
plexes are formed in the solution, was proposed for the interpretation of 
the result, and as the most probable molecular complexes, H2Sno(SO,)3 and 
H2Sn(SO,)2 were mentioned. 


(3) The assumptions, that the rate of oxidation of stannous salt itself 
by oxygen is extremely small, and that the rate of oxidation increases as a 
result of the formation of some complex compounds in the solution, were 
proposed. The assumptions were applied for the interpretation of the 
effect of sodium hydroxide, sodium carbonate, hydrochloric acid and sul- 
phuric acid on the rate of oxidation of stannous salt solution by air. 
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